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MosquitoAbstract The present study aims to survey and identify the mosquito vector distribution through-
out the Bharathidasan University Campus, Tiruchirappalli district, Tamil Nadu, India. Mosquito
larvae were collected during October 2012–December 2012 from different breeding habitats. The
survey revealed the presence of Aedes sp., Anopheles sp. and Culex sp. mosquito larvae. Among
them Culex is dominant, in particularly Culex pipiens followed by Culex quinquifasciatus. Totally
41 actinobacterial isolates were isolated from soil and screened for the production of larvicidal
metabolites against the 3rd instar Culex larvae. The obtained data exhibited that the isolated metab-
olites have lethal effects. Five isolates have shown a most signiﬁcant mortality rate of the Culex
mosquito larvae. In the biolarvicidal assay 1000 ppm concentration of the isolate KA13-3 showed
100% mortality and KA25-A showed 90% mortality after 24 h of incubation.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Mosquitoes are medically important arthropod vectors; trans-
mitting many diseases like Malaria, Encephalitis, Denguefever, Yellow fever, etc. Although mosquito borne diseases cur-
rently represent a greater health problem in tropical and sub-
tropical countries, no part of the world is immune to this risk.
Every year, about 300 million people are affected by malaria, a
major killer disease which threatens 2400 million (about 40%)
of the world population (Sharma, 1999; Snow et al., 2005). Sim-
ilarly, lymphatic ﬁlariasis caused by Wuchereria bancrofti af-
fected about 106 million people worldwide. Vector control is
recognised as an effective tool for controlling these tropical dis-
eases. Synthetic insecticides have been used for several decades
to control varied dipteran pests. However, the use of chemical
insecticides has been greatly impeded due to the development
of physiological resistance in the vectors, environmental pollu-
Figure 1 Mosquito larval density in and around the Bharathidasan University Campus.
Figure 2 Microscopic morphology of Culex larvae.
Table 1 Mosquito larvae density.
S. No. Type of mosquito Total No. of
larvae collected
Larvae %
1 Culex quinquefasciatus 915 87.2
2 Aedes vittatus 64 6.1
3 Anopheles 43 4.1
4 Aedes aegypti 27 2.6
Total 1049 100
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and harmful effects on beneﬁcial non target animals. Therefore,
the need for alternate, more effective and environmentally
friendly control agents becomes obligatory.
Several varieties of microorganisms including fungi, bacte-
ria and nematodes that are antagonistic to insects have been
reported as strategies to biologically control the vectors. Since
actinobacteria have produced many important bioactive com-
pounds of high commercial value they continue to be routinely
screened for new bioactive substances. Vijayan and Balaraman
(1991) reported that extracellular secondary metabolites from
35 actinobacterial isolates showed larvicial activity against Cu-
lex and Anopheles mosquitoes. The secondary metabolites of
actinobacteria namely tetranectin (Ando, 1983), avermectins
(Pampiglione et al., 1985), macrotetrolides (Zizka et al.,
1989) and ﬂavonoids (Rao et al., 1990) were found to be toxic
to mosquitoes. Dhanasekaran and Thangaraj (2013) studied
the larvicidal activity of biogenic nanoparticles against the Cu-
lex mosquito vector.Keeping these points in view, the present study has been
undertaken to isolate and screen the larvicidal compounds pro-
ducing actinobacteria from the soil of the Tiruchirappalli dis-
trict, Tamil Nadu, India and also an attempt has been made to
characterise the different isolates by analysing the larvicidal
activity of actinobacteria. In order to accomplish this goal,
the present investigation has been designed to ﬁnd out the
potentiality of the production of larvicidal compounds by
actinobacterial isolates possessing signiﬁcant larvicidal
property.
2. Materials and methods
2.1. Survey of mosquito larvae
The survey was conducted from the month of October
2012–December 2012 in the Bharathidasan University cam-
pus, Tiruchirappalli, Tamil Nadu, India. The Campus has
an area of 1000 acres, mainly covered with vegetation,
trees, administrative and research buildings and these pro-
vide ideal resting sites for mosquitoes. Larvae were col-
lected from various breeding habitats such as the sewage
cement cannel, temporary ditches, plastic containers, waste
tyres and the larvae density was calculated by the following
formula.
Larvae density ¼ Number of larvae collected
Number of Dips
The larvae were collected using a white enamel dipper, pipette
and kerosene pump depending on the habitat and location.
Table 2 Screening of the larvicidal activity of actinobacterial
isolates.
S. No. Name of the isolates LC50 LC90
Culex Culex
1. KA25-5 6 ± 0.4 10.8 ± 0.7
2. KA13-6 3.5 ± 0.2 6.3 ± 0.4
3. KA25-4 9 ± 0.7 16.2 ± 1.6
4. KA25-10 11 ± 0.8 19.8 ± 1.9
5. KA13-3 15 ± 1.2 27 ± 2.3
6. KA26-2 0 ± 0 0 ± 0
7. KA26-11 3 ± 0.2 5.4 ± 0.4
8. KA26-9 3.5 ± 0.1 6.3 ± 0.6
9. KA22-7 4.5 ± 0.3 8.1 ± 0.8
10. KA25-8 6 ± 0.3 10.8 ± 0.8
11. KA23-3 9 ± 0.6 16.3 ± 1.2
12. KA25-A 14.5 ± 1.4 26.1 ± 1.8
13. KA25-C 9.5 ± 0.9 17.1 ± 1.7
14. KA2-8 6 ± 0.4 10.8 ± 1.0
15. KA22-B 0 ± 0 0 ± 0
16. KA22-P 6.5 ± 0.4 11.7 ± 1.2
17. KA23-A 0 ± 0 0 ± 0
18. KA27-P 0 ± 0 0 ± 0
19. KA1–4 0 ± 0 0 ± 0
20. GA1–2 9 ± 0.6 16.2 ± 1.3
21. KA22-8 6 ± 0.5 10.8 ± 1.0
22. KA2–5 0 ± 0 0 ± 0
23. KA2–6 12 ± 1.0 21.6 ± 2.3
24. KA13-P 0 ± 0 0 ± 0
25. KA2–4 3.5 ± 0.2 6.3 ± 0.4
26. KA13-1 0 ± 0 0 ± 0
27. GA1–6 0 ± 0 0 ± 0
28. KA1–7 0 ± 0 0 ± 0
29. KA1–3 0 ± 0 0 ± 0
30. GA1–2 0 ± 0 0 ± 0
31. SD1 9.5 ± 0.8 17.1 ± 1.4
32. SD2 3 ± 0.1 5.4 ± 0.4
33. SD3 0 ± 0 0 ± 0
34. SD4 0 ± 0 0 ± 0
35. SD5 0 ± 0 0 ± 0
36. SD6 0 ± 0 0 ± 0
37. SD7 0 ± 0 0 ± 0
38. SD8 0 ± 0 0 ± 0
39. SD10 0 ± 0 0 ± 0
40. SD11 9.5 ± 0.7 17.1 ± 1.2
41. SD12 0 ± 0 0 ± 0
LC50 and LC90 (LC = lethal concentration) values in each column
is the mean of three replicates ± S.E.
Table 3 Screening of larvicidal activity of potent isolates
against Culex quinquefasciatus larvae.
S.No Name of the isolate Concentration
(ppm)
Mortality
%
1 Streptomyces sp. KA13-3 1000 100
500 78
250 59
125 31
2 Nocardiopsis sp. KA25-A 1000 90
500 64
250 56
125 48
118 K. Rajesh et al.The collected larvae and pupae were transferred into the plas-
tic jar and maintained in the laboratory for the emergence of
adult mosquitoes. The adult mosquitoes were then collected
in vials and plugged with a cotton containing ethyl acetate
which kills the mosquitoes. The mosquitoes were identiﬁed
taxonomically at the Centre for Research in the Medical Ento-
mology laboratory (CRME), Madurai, Tamil Nadu.
2.2. Soil sample collection
The soil samples were collected randomly from different loca-
tions in the Tiruchirappalli district, Tamil Nadu, India and
were brought to the laboratory in sterile polythene bags and
stored at 4 C.
2.3. Isolation of actinobacteria
Starch casein agar (SCA) medium was prepared and steril-
ized at 121 C in 15lbs pressure for 15 min. Subsequently
the sterile medium was supplemented with Amphotericin B
50 lg/l and tetracycline 20 lg/l to prevent the bacterial and
fungal contamination. One gram of soil sample was serially
diluted. 100 ll of the aliquots from the 105 was spread over
the SCA plates and incubated at 28 ± 2 C for seven days.
After the incubation period, the actinobacterial colonies
were puriﬁed and maintained in starch casein agar medium
for further investigations.
2.4. Mass rearing of mosquito larvae
The Culex mosquito egg was collected from the Centre for Re-
search in the Medical Entomology (CRME) Laboratory,
Madurai, Tamil Nadu, India. The eggs were transferred to
plastic or metal white enamel trays containing tap water and
were reared in the laboratory for collecting 3rd instar larvae
for further larvicidal bioassay (Kamaraj et al., 2009).
2.5. Extraction of extracellular larvicidal bio metabolites from
actinobacteria
The pure actinobacterial isolates were inoculated into a
500 ml conical ﬂask containing 200 ml of starch casein broth
and incubated at 28 ± 2 C in a shaker incubator for 7 days.
The cell free culture ﬁltrates (supernatant) were taken and
dissolved in equal volume of ethyl acetate and mixed prop-
erly for 1 h in a separating funnel. The solvent extract was
removed, dried properly, dissolved in DMSO and was used
for larvicidal bioassay.
2.6. Larvicidal bioassay
Larvicidal activity of Cx. quinquifaciatus was assessed by using
the standard method (WHO, 1996). In brief, twenty early third
instar larvae were taken and treated with a crude actinobacte-
rial culture medium. Similarly the uninoculated culture med-
ium was used as control. For each dose six replicates were
maintained at a time. Additionally all the assay units were sup-
plemented with larvae fed with a diet of ﬁnely ground brewer’s
yeast and dog biscuits (3:1) ratio. The LC50 and LC90 value
was calculated after 24 h by probit analysis (Finney, 1971).
Figure 3 Colony morphology and SEM observation of potent isolates KA13-3 and KA25-A.
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During preliminary screening, the potent larvicidal actinobac-
terial was selected for further study. The larvae of Cx. quinque-
fasciatus were collected and the 3rd instar larvae were used for
bioassay tests. A total of 100 larvae were exposed in ﬁve repli-
cates of 20 larvae each. Experiments were conducted for 24 hFigure 4 Phylogenetic analysis of 16S rRNAat room temperature (28 ± 2 C). The control was set up with
dechlorinated tap water. For bioassay tests, larvae were taken
in ﬁve batches of 20 in 249 ml of water. Different concentra-
tions (0, 125, 250, 500 and 1000 ppm) of actinobacterial extract
were added. The numbers of dead larvae were counted after
24 h of exposure, and the percentage mortality was reported
from the average of ﬁve replicates.sequences of uncultured Streptomyces sp.
Figure 5 Secondary structure of 16S rRNA sequence of Uncul-
tured Streptomyces sp.
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The selected actinobacteria showing larvicidal activity were
further identiﬁed by the characteristics of colony morphology,
microscopic observations by Cover slip culture technique and
molecular analysis (Pridham et al., 1958).
3. Results and discussion
The natural water reservoir of mosquito breeding habitats
such as cement cannels, temporary ditches, cement tank, plas-
tic containers, waste tyres, stagnant water etc. in and around
the Bharathidasan University Campus were surveyed. The col-
lected larvae were kept in the laboratory for the emergence of
adult mosquitoes and were identiﬁed as Aedes vittatus, Anoph-
eles stephensi and Cx. quinquifasciatus at the Centre for Re-
search in the Medical Entomology (CRME) Laboratory,
Madurai, Tamil Nadu, India. Our study speciﬁes that Cx.
quinquifasciatus was the most dominant species in and aroundthe University Campus which was due to the polluted water
(Fig. 2). The Cx. quinquefasciatus usually breeds in polluted
and stagnant water with high organic content. However, many
researchers had reported that Cx. quinquefasciatus also prefers
habitats with turbid water resulting from the pollution with
organic matter (Asimeng and Mutinga, 1993; Hidayati et al.,
2005).
In this survey, a total of 1049 mosquito larvae were col-
lected in and around the Bharathidasan University Campus
with different breeding habitats during three month intervals
from October 2012–December 2012. Among them, 915
(87.2%) belonged to Cx. quinquefasciatus, 64 (6.1%) of A. vitt-
atus, 43 (4.1%) of A. stephensi and 27 (2.6%) of Aedes aegypti,
respectively (Table 1 and Fig 1). Therefore we conclude that
Cx. quinquefasciatus are the most prominent and widely dis-
tributed species in and around the Bharathidasan University.
Actinobacteria are a group of gram positive organisms pro-
ducing a number of antibiotics and enzymes. In addition to
antibiotics they also produce some biologically active second-
ary metabolites. These metabolites are found to be toxic to
mosquito larvae. Hence control of vector borne disease is
becoming difﬁcult due to the increasing resistance of mosqui-
toes to insecticides Balaraman (1995).
Totally, 41 actinobacterial isolates including white, grey,
brown, pink and yellow colour colonies were isolated from soil
samples from Tiruchirappalli, Tamil Nadu. Among them, 21
isolates showed the larvicidal activity against Culex mosquito
larvae, particularly, ﬁve isolates KA25-4, KA25-10, KA13-3,
KA25-A and KA 2-6 were more toxic to the late third instar
larva of Culex sp. The statistical data of LC50 and LC90 are
represented in Table 2. Isolates KA13-3 and KA25-A were se-
lected for the testing of the larvicidal effect in different concen-
trations such as 1000, 500, 250 and 125 ppm with 20 larvae.
After 24 h of incubation 1000 ppm of KA13-3 showed 100%
mortality and 1000 ppm of KA25-A showed 90% mortality
of Culex mosquito larvae (Table 3). Similar type of work has
been reported by many workers using Bacillus thuriengiensis
(Balaraman et al., 1979, 1983a,b; Manonmani and Balaraman,
2001), Bacillus sphaericus (Rajendran et al., 1991; Balaraman
1995), Bacillus thuriengiensis (Prabhakaran et al., 2000), fun-
gus Trichoderma viridae (Geetha and Balaraman, 2001) and
actinobacteria (Dhanasekaran et al., 2010; Vijayakumar
et al., 2007). The insect mortality may be due to the secretion
of bioactive materials of actinobacteria against Culex mos-
quito species. This work has been reported by many research-
ers (Willoughby et al., 1987; Herbert, 2010).
The bioactive metabolites of actinobacteria may be the rea-
son for the larvicidal activity against Culex mosquito larvae by
the two isolates KA13-3 and KA25-A. These metabolites may
destroy the cuticle layer of the larvae, which leads to the larvae
death. A similar work has been reported by Ababutain et al.
(2012). The potent isolates were identiﬁed at a generic level
based on the colony morphology, microscopic morphology
and molecular characterization. The isolate KA13-3 showed
grey colour colonies with white aerial mycelium and dirty
white substrate mycelium. SEM analysis revealed that the
smooth spores surface morphology belongs to rectiﬂexibile
sporophore morphology and was identiﬁed as Streptomyces
sp. The isolate KA25-A showed powdery colonies with dark
brown substrate mycelia. SEM analysis clearly indicates that
the spores of the isolate were smooth and rectiﬂexible in nature
and was identiﬁed as the Nocardiopsis sp. (Fig. 3). Similar re-
Figure 6 Restriction site analysis of 16S rRNA sequence of Uncultured Streptomyces sp.
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Saha et al. (2012) in the Nocardiopsis sp.
The genomic DNA was isolated from the potent isolate
KA13-3 and separated by agarose gel electrophoresis. A sharp
band was observed using the Gel doc imaging system (UVP).
The ampliﬁcation of 16S rRNA gene of the actinobacterial iso-
lates KA13-3 were performed by the PCR technique using the
universal primer. PCR products were analysed in 1% agarose
gel. A sharp band was observed which conﬁrmed the PCR
product. Further the 16S rRNA gene sequence was obtained
from the PCR ampliﬁed product and then the isolate KA13-
3 was identiﬁed as uncultured Streptomyces sp.
The classiﬁcation of bacteria using morphological, bio-
chemical and physiological characterization do not necessarily
lead to the identiﬁcation of phylogenetically coherent taxa to
evaluate the bacteria. PCR based molecular method is used
for the taxonomic level. Phylogenetic tree was constructed with
the MEGA 4.0 using the neighbour-joining method (Saitou
and Nei, 1987). Evolutionary tree was inferred using treeing
algorithms from the Philip package (Felsenstein, 1993).
Bootstrap analysis was performed to assess the statistical sig-
niﬁcance of the tree. The phylogenetic tree of the isolate
KA13-3 showed 98% similarity with uncultured Streptomyces
sp. The phylogenetic tree of the isolate KA13-3 showed that
the isolate was closely related to the Streptomyces sp.
(Fig. 4). The strain level variation among the Streptomyces
species was studied by insilico analysis of 16S rRNA gene sec-
ondary structure and restriction site analysis. The secondary
structure of 16S rRNA of uncultured Streptomyces sp. showed
23 loops, 23 stems and 24 hairpin loops. Totally 56 restriction
enzyme sites were observed. The GC and AT content of the
Streptomyces sp. was found to be 55% and 45%, respectively,
using an NEB cutter programme (Figs. 5 and 6).
4. Conclusion
The investigation concludes that the Cx. quinquifasciatus most
predominantly existed the mosquitoes in and around the Bha-rathidasan University Campus. Actinobacterial metabolites
showed more signiﬁcant effect against Culex mosquito larvae.
So it can be used as an alternative source of mosquito larvi-
cides. Further studies are needed for identiﬁcation of the active
compounds that can be used in broad spectrum for controlling
mosquitoes and also for the determination of the mode of ac-
tion of these compounds.Acknowledgement
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